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Abstract : High-energy ion beam irradiation of the polymers is a good technique to modify the properties
such as electrical conductivity, structural behaviour and mechanial properties. Polyaniline thin films doped with
hydrochloric acid (HCl) were prepared by oxidation of ammonium persulphate. The effect of Swift Heavy Ions
irradiation on the electrical and structural properties of polyaniline has been measured in this study. Polyaniline
films were irradiated by oxygen ions (energy 80 MeV, charge state O+7) with fluence varying from 1 × 1010 to 3
× 1012 ions/cm2. The studies on electrical and structural properties of the irradiated polymers were investigated
by measuring V-I using four probe set-up and X-ray diffraction (XRD) using Bruker AXS, X-ray powder
diffractometer. V-I measurements shows an increase in the conductivity of the film, XRD pattern of the polymer
shows that the crystallinity improved after the irradiation with Swift Heavy Ions (SHI), which could be attributed
to cross linking mechanism.
Keywords : Polyaniline, XRD, V-I, conductivity, crystallinity
PACS Nos. : 73.61.Ph, 61.72.Dd
1.  Introduction
The considerable interest in conjugated polymers has led to a large number of applications
such as modified electrodes, capacitors, rechargeable batteries and bio sensors among
many others [1,2]. The dc conductivity is one of the leading properties of conducting
polymers e.g. polyanilne and polypyrrole for variety of applications. These conducting
polymers are very good for sensors because of the ease of fabrication, possibility of using
the same polymer with the different modifications and low cost also. The sensing properties
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are associated with detection of some hazardous gases like chlorine, ammonia and solvent
vapors [3–7]. Due to potential applications conducting polymers have become a subject of
scientific and industrial interest, so use of ion irradiation of these polymers is of great
importance to modify the properties of these materials. By using high-energy heavy ions,
dramatic modifications in the polymer material have been observed. Some of the changes
have been attributed to the scissoring of polymer chains by incident ions, breaking of
covalent bonds, cross-linking, formation of carbon clustures, liberation of volatile species
and in some cases even formation of new chemical bonds [8–11]. High energy ions by
electronic excitation and ionization create tracks, latent tracks in the polymers and also
can cause creation of triple bonds [12,13]. Fink et al [14] studied the polyvinyl alcohol
(PVA) exposed by 16 MeV electrons and found that for the same transferred energy
density heavy ions were more efficient for the damage in polymers than the low energetic
ions. Hussain et al [15] studied the 160 MeV Ni+12 bombarded polypyrrole supercapacitor
and found that stability of the supercapacitor increases after irradiation.
2. Experimental method
Self standing films of polyaniline of size 1 cm2 were irradiated in Material Science Beam
Line under high vacuum 5 × 10–6 torr by using the 80 MeV O+7 ion with a beam current
of 3 PnA available from 15 UD Pelletron at Inter University Accelerator Centre, New Delhi
using various fluences ranging from 1 × 1010 to 3 × 1012 ions/cm2. The thickness in the
present work was selected so as to be thin enough to allow the 80 MeV oxygen ions to
completely pass through it.
XRD of the polyaniline thin films were carried out by an Bruker AXS, X-ray powder
diffractometer with Cu-Kα radiation (1.54 Å) for a wide range of Bragg's angle 2θ (5<θ<40)
V-I measurements were done by four probe method.
3. Results and discussions
3.1. X-Ray diffraction :
The XRD pattern of pristine and oxygen beam irradiated polyaniline thin films are shown
in Figure 1.
The pristine polyaniline shows the semi crystalline nature, after irradiation with SHI
intensity of the peaks increases, which show the polymer crystallinity increases. This
may be due to cross linking of the polymer chains or by the formation of single or
multiple helices, which produces more crystalline regions in the polymer films [2]. The
degree of crystallinity for the polymers calculated by following formula [16] :
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where A is the total area of the peaks (area of crystalline and amorphous peaks) and A'
is the total area under the diffractogram. The % crystallinity calculated by above relation
is shown in Table 1. Hussain et al [17] also studied the polypyrrole irradiated with Ni+12
ions and found that the crystallinity of PPY increases after irradiation.
Table 1. The crystallinity of pristine and polyaniline irradiated by oxygen beam.
Oxygen beam fluence % Crystallinity of
(Ions/cm2) polyaniline
Pristine 26.48 ± 0.61
 3 × 1010 29.32 ± 0.63
3 × 1011 32.68 ± 0.68
1 × 1012 34.56 ± 0.68
3.2. V-I Measurement :
The electrical conductivity of polyaniline thin films before and after irradiation were measured
at room temperature by four-probe method. The measurements are shown in Figure 2.
The conductivity of polyaniline thin films was found to increase after irradiation with
SHI; this increase in electrical conductivity may be due to the formation of polaron created
at defect sites, which moves towards the polymer backbone. The increase in conductivity
of the polymer films after SHI irradiation could also be ascribed to the inter-chain cross-
linking due to huge electronic energy loss [12].
Figure 1. X-Ray diffraction pattern of polyaniline irradiated by oxygen beam.
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4. Conclusions
From this study we conclude that Swift Heavy Ions irradation is a good technique to
modify the properties of the polymers. The degree of crystallinity of the polymer films was
found to increase with increasinng fluence, which may be due to the cross linking and
formation of single and multiple helices. It is clear from the V-I  measurement that the dc
conductivity of the irradiated films increases with increasing the fluence, which may be
due to the creation of polaron and defect sites in the polymers.
Acknowledgments
Authors are thankful to Inter University Accelerator centre, New Delhi for providing beam
time; carrying out the XRD and V-I measurements. We also wish to thank IUAC, Pelletron
staff for their help during ion beam irradiation.
References
[1] C Arazzani, M Matrgostino and B Scrosati in Hand book of Organic Conductive Molecules and
Polymers ed. H S Nalwa (Chischester : John Wiley & Sons) Vol 4 595 (1997)
[2] B Scrosati Applications of Electroactive Polymers (London : Chapman and Hall) (1993)
[3] A C Partridge, M L Jansen and W M Arnold Mater. Sci. Eng. C12 37 (2000)
[4] S Ampuero and J O Bosset Actuators B94 1 (2003)
[5] P N Bartlett and S K Ling-Chung Sens. & Actuators 20 287 (1989)
[6] S Sberveglieri Sens. & Actuators B23 103 (1995)
[7] R Cabala, V Meister and K J Potje-Kamloth Chem. Soc. Faraday Trans. 93 131 (1997)
[8] A L Evelyn, D Tla, R L Zimmerman, K Bhat, D B Poker and D K Hensley Nucl. Instru. Meth. B127
& 128 694 (1997)
[9] C Liu, Z Zhu, Y Jin, Y Sun, M Hou, Z Wang, X Chen, C Zhang, B Liu and Y Wang Nucl. Instru.
Meth. B166 & 167 641 (2002)
Figure 2. Current-voltage plots of polyaniline thin films.
3 × 1012
1 × 1012
1 × 1011
Pristine
Current (μA)
V
ol
ta
ge
 (m
V
)
Interaction of oxygen (O+7) ion beam on polyaniline thin films 947
Data\IJP\July 2009\10 Subhash Chandra.p65
[10] L S Farinzena, R M Papaleo, A Hallen, M A deA Rauju, R Live and B U R Sundquist Nucl. Instru.
Meth. B105 134 (1995)
[11] V Picq, J M Ramillon and E Balanzat Nucl. Instru. Meth. B146 496 (1998)
[12] E H Lee Nucl. Instru. Meth. B29 151 (1999)
[13] S Bauffard, B Gervais and C Leray Nucl. Instru. Meth. B105 1 (1995)
[14] D Fink, W H Chung and M Wilhelm Rad. Eff. And Deff. In Solids. 133 209 (1995)
[15] A M P Hussain, D Saikia, A Kumar, F Singh and D K Avasthi Indian. J. Phys. 79 783 (2005)
[16] A M P Hussain, A Kumar, F Singh and D K Avasthi J. Phys. D : Appl. Phys. 39 750 (2006)
[17] A M P Hussain, D Saikia, F Singh, D K Avasthi and A Kumar Nucl. Instru. Meth. B240 834 (2005)
